We present a homogeneous chemical abundance analysis of five of the most metal-poor stars in the Sculptor dwarf spheroidal galaxy. We analyze new and archival high resolution spectroscopy from Magellan/MIKE and VLT/UVES and determine stellar parameters and abundances in a consistent way for each star. Two of the stars in our sample, at [Fe/H]= −3.5 and [Fe/H]= −3.8, are new discoveries from our Ca K survey of Sculptor, while the other three were known in the literature. We confirm that Scl 07-50 is the lowest metallicity star identified in an external galaxy, at [Fe/H]= −4.1. The two most metal-poor stars both have very unusual abundance patterns, with striking deficiencies of the α elements, while the other three stars resemble typical extremely metal-poor Milky Way halo stars. We show that the star-to-star scatter for several elements in Sculptor is larger than that for halo stars in the same metallicity range. This scatter and the uncommon abundance patterns of the lowest metallicity stars indicate that the oldest surviving Sculptor stars were enriched by a small number of earlier supernovae, perhaps weighted toward high-mass progenitors from the first generation of stars the galaxy formed.
INTRODUCTION
Metal-poor stars represent the local equivalent of the high-redshift universe and supply us with a uniquely detailed view of the conditions in early galaxies. The lowest metallicity stars in dwarf galaxies are particularly enticing targets for chemical abundance studies because dwarfs have simpler merging and evolutionary histories than more massive systems like the Milky Way.
The first extremely metal-poor (EMP) stars with [Fe/H] ≤ −3.0 in nearby dwarf galaxies were discovered by Kirby et al. (2008) . Over the past five years, a sizable sample of such stars has been identified and analyzed, in both the ultra-faint dwarfs and the brighter classical dwarf spheroidals (Aoki et al. 2009; Cohen & Huang 2009 Frebel, Kirby, & Simon 2010a; Frebel et al. 2010b; Simon et al. 2010; Norris et al. 2010a,b; Tafelmeyer et al. 2010; Kirby & Cohen 2012; Gilmore et al. 2013; Starkenburg et al. 2013; Frebel, Simon, & Kirby 2014; Ishigaki et al. 2014) . The initial results of these studies were that EMP stars in dwarf galaxies appear remarkably similar to EMP stars in the Milky Way, suggesting that early chemical evolution is largely independent of galactic environment (e.g., Frebel et al. 2010a,b; Simon et al. 2010) . Now that a statistically significant number of EMP stars beyond the Milky Way are available, we can begin to examine this conclusion more care-fully, and search for outliers from the typical abundance pattern rather than simply characterizing broad trends within the population.
In this paper we present a homogeneous detailed chemical abundance analysis of five of the most metal-poor stars in the Sculptor dwarf spheroidal (dSph), with [Fe/H] ≤ −3.2. Three of these stars have been studied previously by Tafelmeyer et al. (2010, hereafter T10) and Frebel et al. (2010a) , but we re-analyze those data with a common set of methods and assumptions. We also add two new EMP stars identified on the basis of their weak Ca K absorption in our Magellan search for the most metal-poor stars in the Milky Way's southern dSphs, and determine their chemical abundance patterns with high resolution spectroscopy for the first time. Additional descriptions of the survey and the resulting sample of EMP stars will be provided in future papers. In Section 2 we describe the data used in this study and the reduction methods. We present the chemical abundance measurements in Section 3, and we discuss the abundance patterns and their implications for the early history of Sculptor in Section 4. We summarize the paper in Section 5.
OBSERVATIONS AND DATA REDUCTION
We selected Scl 6 6 402 and Scl 11 1 4296 as candidate Sculptor members from the photometry catalog of Coleman, Da Costa, & Bland-Hawthorn (2005) . We obtained R ≈ 700 spectra centered on the Ca K line of ∼ 2000 such stars with the f/2 camera of the IMACS spectrograph (Dressler et al. 2011 ) from 2009 − 2011. These were two of the stars with the smallest Ca K equivalent widths in the sample, marking them as likely EMP stars. We obtained medium resolution Magellan/MagE (Marshall et al. 2008 ) spectra of them in 2010 December, confirming their extremely low metallicity. We then observed the two stars with Magellan/MIKE (Bernstein et al. 2003 ) at R ≈ 25000 over a wavelength range of 3460 − 9410Åon ten nights between 2013 October and 2014 June, accumulating a total of 20 hr of integration time on Scl 6 6 402 and 9.7 hr on Scl 11 1 4296. The MIKE spectra were reduced with the Carnegie Python routines originally described by Kelson (2003) .
Two other EMP stars in Sculptor, Scl 07-49 and Scl 07-50, were identified by T10 in the data set of the Dwarf Abundances and Radial velocities Team (Tolstoy et al. 2004; Helmi et al. 2006 ) using the Ca triplet metallicity calibration from Starkenburg et al. (2010) . T10 obtained R ≈ 40000 spectra of these stars with VLT/UVES (Dekker et al. 2000) and measured their chemical abundances. The spectrum of Scl 07-50 was obtained with both the red and blue arms of UVES, covering 3700 − 10200Å, while Scl 07-49 was observed only with the red arm (4700−10200Å). To ensure that the full sample can be placed on a common abundance scale we downloaded the reduced spectra from the ESO archive and analyzed them with the same method we followed for the other stars (see § 3). The data available online are individual exposures processed by version 5.1.5 of the UVES pipeline, which handles standard reduction procedures and merges the echelle orders. We then normalized the spectra and coadded the frames for each star. For further details on the observations, see T10. S1020549 was identified by Kirby et al. (2009) as an EMP star at [Fe/H]= −3.8 (at the time the most metalpoor star in an external galaxy) based on medium resolution Keck/DEIMOS spectroscopy. Frebel et al. (2010a) confirmed that result and analyzed its chemical abundance pattern with an R ≈ 33000 Magellan/MIKE spectrum covering the same wavelength range as our new MIKE data. We use that spectrum again here, but as for Scl 07-49 and Scl 07-50 we re-measure the equivalent widths and re-determine the stellar parameters and chemical abundances.
DETERMINATION OF STELLAR PARAMETERS AND CHEMICAL ABUNDANCES

Measurement Procedures
We measured the equivalent widths (EWs) of metal lines in the spectra by fitting a Gaussian to each absorption line and integrating the area under the Gaussian. The lines were selected from the line list constructed by Roederer et al. (2008) . Where available, we have adopted collisional damping constants from Barklem et al. (2000) ; for other lines we used the Unsold (1955) approximation. We set the continuum of each spectrum by fitting a loworder cubic spline to each spectral order. Because the spectra of these faint stars have low S/N, the placement of the continuum can be challenging, especially at blue wavelengths.
Our derivation of the stellar parameters closely follows that of Frebel et al. (2014) and Frebel et al. (2013) : using the analysis code of Casey (2014), we employ α-enhanced one-dimensional plane-parallel ATLAS9 model atmospheres from Castelli & Kurucz (2004) and the MOOG stellar analysis code (Sneden 1973) updated to include a treatment of Rayleigh scattering (Sobeck et al. 2011) . We assume local thermodynamic equilibrium throughout this paper, except where otherwise noted.
Starting from the EW measurements, we computed effective temperatures and surface gravities in the usual manner by enforcing ionization and excitation balance of iron line abundances. The microturbulent velocity was derived iteratively by minimizing the trend of Fe I abundance with reduced equivalent width. We then corrected these spectroscopic parameters according to the prescription of Frebel et al. (2013) to place the measurements on the same scale as studies that calculate stellar parameters from photometry alone. As a check of this process, we also calculated photometric temperatures using V − K s colors determined from the optical photometry of Coleman et al. (2005) and the near-infrared photometry of Menzies et al. (2011) and the Alonso, Arribas, & Martínez-Roger (1999) color-temperature relation. The photometric temperatures of Scl 11 1 4296, Scl 6 6 402, and S1020549 are within 100 K of our adopted values. For Scl 07-50 and Scl 07-49 the colors suggest temperatures that are 200 − 300 K warmer. T10 find a temperature for Scl 07-49 that is in agreement with ours rather than the photometric value, but they prefer a higher temperature for Scl 07-50.
5 Because the quality of the spectrum for Scl 07-50 is relatively high and so many iron lines can be included in our analysis, we consider the spectroscopically derived temperature more likely to be accurate. We also note that Frebel et al. (2013) showed that the microturbulent velocity determined with this method is in good agreement with values obtained by other authors in the literature.
We list the derived stellar parameters for each star in Table 1, the EWs in Table 2 , and the abundances in Table 3 . All abundance ratios have been calculated using the Asplund et al. (2009) solar abundance scale. We estimate the systematic uncertainties on the derived abundances by adjusting the atmospheric parameters by their uncertainties (see Table 1 ) and re-determining the abundance ratios. The uncertainties on each element as a result of changing T eff , log g and the microturbulent velocity for each star are listed in Table 4 . The statistical uncertainties for elements with multiple lines are defined to be equal to the dispersion in the abundance ratio about the mean value divided by the square root of the number of lines. In cases where this dispersion is unrealistically small, we impose a minimum value of 0.10 dex. Following Frebel et al. (2010b) , who analyzed similar stars with spectra of similar quality, we adopt a minimum abundance uncertainty of 0.2 dex for elements where abundances are measured from a single line. The total uncertainty for each element is the sum in quadrature of the above terms.
Comparison to Literature Measurements
Since three of the stars in our sample have been analyzed in the literature using the same spectra we employ, we compare the abundance results to check for differences resulting from assumptions or methodology. Our results for S1020549 agree with those of Frebel et al. (2010a) within 1 σ (where σ here refers to the quadrature sum Note. -Coordinates and optical magnitudes are taken from Coleman et al. (2005) . Ks magnitudes are from Menzies et al. (2011) . a The signal-to-noise ratio is given perÅ, measured at a wavelength of 5350Å.
of the uncertainties in our measurements and those determined by Frebel et al.) for all elements except Mg, where our value of [Mg/Fe] is higher by 0.47 dex (1.5 σ).
Our agreement with T10 is reasonable, although slightly less good, with 14 of 26 measurements (covering both Scl 07-50 and Scl 07-49) matching to 1 σ. The Fe I abundances we measure agree with those determined by T10 (∆[Fe/H] = −0.09 ± 0.21 dex for Scl 07-50 and ∆[Fe/H] = +0.17 ± 0.20 dex for Scl 07-49), but with our stellar parameters there is no significant difference between Fe I and Fe II. Even though these metallicity differences are not statistically significant, they factor into more significant differences of abundance ratios with respect to iron for some other elements (see below). We therefore conduct a detailed comparison of our [Fe/H] measurements with those of T10 by examining the EWs of lines in common. Our EWs are systematically lower than those of T10, by an average of ∼ 3 mÅ for all lines and ∼ 5 mÅ for Fe lines. This EW offset would lead to a decrease of ∼ 0.1 − 0.2 dex in [Fe/H] if the corresponding changes in stellar parameters were ignored. We note that our abundance determination uses many more lines than T10 did: 92 and 54 Fe I lines for Scl 07-49 and Scl 07-50, respectively, compared to 22 and 25. We consider the most likely explanation for the modest changes in [Fe/H] we derive to be a combination of continuum placement, the lines used, and the different methods for determining stellar parameters.
Of the differences in other elements for Scl 07-50 and Scl 07-49, most are of modest significance ( 1.7 σ). The exceptions are [Mg/Fe], where our measurements are higher by 1.7 σ and 3.0 σ, respectively, [Sc/Fe], where our measurements are lower by 1.7 − 2.6 σ, and [Ca/Fe] (for Scl 07-50 only), where our value is 1.7 σ higher. Addressing Mg first, the primary difference for Scl 07-50 is our EW measurements, which are ∼ 8 mÅ larger. This EW offset increases log ǫ(Mg) by 0.18 dex, which when combined with our lower [Fe/H] results in [Mg/Fe] increasing by 0.27 dex. Our log gf values for the Mg b lines are smaller than those used by T10, which accounts for the remainder of the increase in [Mg/Fe] . For Scl 07-49 the offset in EWs relative to T10 is somewhat smaller, but in the same sense. The difference in stellar parameters is responsible for changing the Mg abundance by 0.16 dex. However, our calculations of log ǫ(Mg) using T10's EWs and stellar parameters yield log ǫ(Mg) = 4.62, while their reported value is 4.32, suggesting the possibility of unexpectedly large differences between their model atmosphere calculations and ours.
For Sc, the comparison is complicated by varying treatments of hyperfine splitting and EW vs. spectral synthesis measurements, but there are significant differences resulting from stellar parameters (0.26 dex for Scl 07-50 and 0.13 dex for Scl 07-49). The difference in iron abundances makes the disagreement in [Sc/Fe] smaller than the disagreement in log ǫ(Sc) for Scl 07-50, but the reverse is true for Scl 07-49. After factoring in changes in stellar parameters and [Fe/H], our Sc abundances are still lower than those of T10 by 0.2 − 0.3 dex, which may result from differences in the measured strength of the Sc lines and/or differences in stellar atmospheres and analysis methods. Finally, for Ca, our larger EW results in an abundance that is higher by 0.21 dex. This is partially counteracted by the difference in stellar parameters, which lower log ǫ(Ca), but as with Mg the combination of a higher Ca abundance and a lower Fe abundance results in a substantial shift in [Ca/Fe] . Also similar to Mg, we find that even if we use T10's EWs and stellar parameters we get a value of log ǫ(Ca) that differs from theirs by 0.18 dex.
DISCUSSION
Iron Peak Elements
The newly discovered EMP stars Scl 6 6 402 and Scl 11 1 4296 have [Fe/H] = −3.53 and [Fe/H] = −3.77, respectively, ranking both among the ten lowest metallicity stars known beyond the Milky Way.
For the two stars previously studied by T10, as mentioned in § 3.2, we find Fe I abundances that are in agreement within the uncertainties. Our measurements are [Fe/H] = −3.31 for Scl 07-49 and [Fe/H] = −4.05 for Scl 07-50. We note that while Scl 07-50 is only slightly more metal-poor in our analysis, it now formally qualifies as the first ultra metal-poor star identified in an external galaxy according to the nomenclature proposed by Beers & Christlieb (2005) . For S1020549 we obtain [Fe/H] = −3.68, in agreement with our earlier determination within the uncertainties .
For the other iron-peak elements Sc, Cr, Mn, Co, Ni, and Zn the abundance patterns of the Scl stars are broadly consistent with those seen in the Milky Way halo at similar metallicities (see Figure 1) . The Co abundances tend to be higher than those of most halo stars, while the Mn abundances for three of the Sculptor stars are near the lower bound of [Mn/Fe] observed in EMP halo stars. Scl 11 1 4296 and especially Scl 07-49 have Mn abundances above the halo average, but the value for the latter star is determined only from two weak lines be- cause of the lack of blue spectral coverage. Our spectra of the other four stars extend to shorter wavelengths, allowing us to use the much stronger Mn I λ4030Å triplet resonance lines. The corrections for non-LTE (NLTE) behavior in these lines are significant (e.g., Cayrel et al. 2004; Lai et al. 2008; Bergemann & Gehren 2008) , and we adopt an NLTE correction of +0.30 dex to abundances determined from the Mn triplet. The only other potential outlier among the iron-peak species is the low Ni abundance of Scl 07-50, which is comparable to the lowest [Ni/Fe] values seen at [Fe/H] < −3.5 in the halo.
α-Elements
The abundance patterns of the α-elements in the Sculptor EMP stars closely follow the well-established behavior of EMP Milky Way halo stars (e.g., McWilliam et al. 1995; Cayrel et al. 2004; Cohen et al. 2013; Yong et al. 2013; Roederer et al. 2014 ) down to [Fe/H] = −3.7. Above this metallicity Mg, Ca, Si, and Ti lie almost perfectly along the median of the Milky Way halo distribution (see Figure 1) . However, the two lowest metallicity stars show some striking differences, both from each other and from their more metal-rich counterparts: Scl 11 1 4296 has uniformly low α abundances (except Ti), while Scl 07-50 has low Ca and Si but an almost normal [Mg/Fe] ratio.
For the stars below [Fe/H] = −3.7, our Ca abundances are determined from the only Ca I line detected, the 4226.73Å resonance line. This line is known to produce lower Ca abundances than other Ca I lines for EMP stars, at least in part because of NLTE effects (e.g., Spite et al. 2012) , leading T10 to dismiss the significance of the even lower [Ca/Fe] ratio they derived for Scl 07-50. However, NLTE models do not agree well on the correction for the 4226.73Å line for stars with similar atmospheric parameters to Scl 07-50 and Scl 11 1 4296, with recent predictions ranging from −0.02 dex (Starkenburg et al. 2010 ) to +0.21 dex (Mashonkina, Korn, & Przybilla 2007 , L. Mashonkina 2014 . We therefore attempted several additional tests to verify the low Ca abundances. First, we compared the Ca lines of both stars with those of the ultra metal-poor giant CD−38
• 245 (Bessell & Norris 1984) , which is comparable in temperature to Scl 11 1 4296 and ∼ 200 K warmer than Scl 07-50 (see Figure 2) . Scl 11 1 4296 has weaker Ca I λ4226.73Å and near-infrared Ca II triplet lines than CD−38
• 245, confirming its low Ca abundance. Scl 07-50 has similar Ca K and Ca I λ4226.73Å EWs to CD−38
• 245, consistent with a lower Ca abundance given the temperature difference.
6 Second, we compared to stars with similar parameters (after adjusting their spectroscopic temperatures according to the Frebel et al. 2013 formula) from Roederer et al. (2014) . These stars were selected to have 4400 K < T eff < 4900 K, −0.2 < log g < 1. The other known stars with α-element abundance patterns reminiscent of Scl 07-50 are the two stars in the ultra-faint dwarf galaxy Hercules studied by Koch et al. (2008) . Those stars are substantially more metal-rich, at [Fe/H] ≈ −2, but have high Mg and O abundances combined with low Ca, making for extreme [Mg/Ca] ratios. As with HE 1424-0241, Koch et al. (2008) suggest that this abundance pattern results from small numbers of SN explosions and a high-mass (∼ 35 M ⊙ ) progenitor.
Carbon
Neither of the two new Sculptor stars presented in this paper is carbon-rich (for Scl 6 6 402 we obtain only an upper limit on [C/Fe], but that is sufficient to rule out a substantial carbon enhancement). Starkenburg et al. (2013) recently analyzed a sample of seven Sculptor stars with −3.5 < [Fe/H] < −2.5, plus S1020549 and Scl 07-50, similarly finding no examples of stars with large carbon enhancements. They concluded that there is potential tension between the lack of identified carbonenhanced metal-poor (CEMP) stars in Sculptor and the prevalence of such stars in the Milky Way, but a larger sample is needed for this result to be conclusive (also see Skúladóttir et al. 2014 ). Since we only add two additional non-carbon-enhanced EMP stars, the probability calculations they reported do not change significantly. A sample roughly twice as large will be necessary to deterhave a significantly larger abundance difference is the coolest star, CS 22950-046, which is similar in temperature to Scl 07-50, raising the possibility of a sharp temperature dependence in the abundance derived from the resonance line. However, because the theoretical studies of Mashonkina et al. (2007) , Merle et al. (2011), and Spite et al. (2012) do not indicate strong changes in NLTE corrections at T eff ∼ 4500 K, we regard CS 22950-046 as a random outlier rather than a systematic one. These results generally fit in with the picture of very low abundances of neutron-capture elements in the most metal-poor stars in dwarf galaxies (Fulbright et al. 2004; Frebel et al. 2010a Frebel et al. , 2014 Ishigaki et al. 2014) . Sr in particular seems notably underabundant in our Sculptor sample.
Implications for the Early History of Sculptor
Considering our sample in conjunction with the seven additional Sculptor stars from Starkenburg et al. (2013) , there is evidence for abundance spreads within the Sculptor EMP population in α-elements (Mg and Ca), iron peak elements (Ni), and neutron-capture elements (Sr and Ba). While comparisons to the Milky Way halo are hampered by the smaller sample size in Sculptor, and more importantly the lower data quality, Figure 1 suggests that the star-to-star scatter among Sculptor stars for a number of elements may be higher than in the halo. To investigate the significance of the increased scatter, we calculated the intrinsic scatter in [X/Fe] for both EMP stars in the halo data sets of Cohen et al. (2013) and Roederer et al. (2014) and the combined Sculptor sample from Starkenburg et al. (2013) and this paper. We used the method described by Kelly (2007) to determine the intrinsic scatter in a set of data points with non-uniform uncertainties in both variables. The elements for which halo EMP stars follow tight relations and there are more than five measurements available for Sculptor stars are Mg, Ca, Ti, Cr, and Ni.
For Mg, the handful of stars with highly enhanced abundances at [Fe/H] < −3.5 give the halo sample a significant intrinsic scatter of 0.17 dex. Still, the very low [Mg/Fe] ratio of Scl 11 1 4296 and the low Mg abundances of several of the Starkenburg et al. (2013) stars result in a larger scatter for Sculptor of σ = 0.36 +0.14 −0.10 dex, which is significant at the 99% confidence level. The scatter of the halo stars in [Ca/Fe] is slightly smaller (0.15 dex), but the outliers in Sculptor are less deviant, making the intrinsic scatter of the Sculptor stars larger at only 71% confidence. [Ti/Fe] has even less scatter in the halo data (observed σ [Ti/Fe] = 0.14 dex, intrinsic σ [Ti/Fe] = 0.10 dex). The Sculptor stars generally follow the halo trend in [Ti/Fe] closely, but the intrinsic scatter of 0.24 +0.14 −0.11 dex is larger at 91% confidence. For Cr, we similarly find that the intrinsic scatter of the Sculptor stars of σ = 0.18 +0.16 −0.10 is larger than that of the halo (σ = 0.10 dex) at 80% confidence. Finally, for the ironpeak element Ni the larger uncertainties in [Ni/Fe] leave very little room for any intrinsic scatter in the halo sample; we derive an intrinsic scatter of 0.04 ± 0.02 dex. The Sculptor stars, in contrast, have σ = 0.46 +0.35 −0.19 , which is larger at 99.9% confidence. Given the still small sample of metal-poor stars in Sculptor, these differences are (with the exception of Mg and Ni) suggestive rather than definitive, and abundance patterns for more Sculptor stars will be needed to confirm their greater diversity relative to the halo. Nevertheless, the apparently increased heterogeneity in the most metal-poor Sculptor stars highlights the likely role played by inhomogeneous mixing in the early Sculptor interstellar medium and the small number of SNe that contributed to its initial chemical enrichment.
The abundance patterns of the two most metal-poor stars also point to enrichment by a limited number of progenitor stars. The low Si, Ca, and Ni abundances of Scl 07-50 and the exceptionally low α abundances of Scl 11 1 4296 stand out strongly from the typical abundances of similar metallicity stars in the halo, which presumably represent the mean yield from a larger number of primordial SNe. To determine what kind of SNe could be responsible for this chemical makeup, we fit their abundances with the Population III SN models of Heger & Woosley (2010) . The best fitting models for Scl 07-50 are all relatively high mass (22.5 M ⊙ ) stars, while Scl 11 1 4296 is better fit by a ∼ 10 M ⊙ star. Models with lower mass progenitors for Scl 07-50 and higher mass progenitors for Scl 11 1 4296 have significantly higher χ 2 values. In both cases, the data are consistent with high energy hypernova explosions with E 3 × 10 51 erg, although lower energy explosions are not excluded for Scl 11 1 4296. It is intriguing that significantly different progenitor properties are preferred for these two stars. Since the SNe from a normal stellar initial mass function (IMF) will be dominated by the lowest mass stars that can undergo core collapse (∼ 8 − 10 M ⊙ ), the larger mass for the star that enriched Scl 07-50 may suggest that the IMF in Sculptor at the earliest times was biased toward high masses. Geha et al. (2013) have shown that the ultra-faint dwarfs Hercules and Leo IV have a bottom-light IMF, which if extrapolated to the high mass regime would be top-heavy. No direct measurements for Sculptor have been made yet, but would clearly be of interest.
To quantify how many supernovae could have contributed to the enrichment of the α-poor EMP stars in Sculptor, we followed the method described by Koch et al. (2008) . We randomly generated small populations of massive stars (10 M ⊙ ≤ M ≤ 100 M ⊙ ) and used the Heger & Woosley (2010) metal-free supernova yields (with a randomly chosen explosion energy and mixing parameter for each star) to determine the mean abundance ratios that would result after these stars polluted a primordial gas cloud. For a Salpeter (1955) IMF, sub-solar [Ca/Fe] ratios like we observe for Scl 11 1 4296 are found in less than 1% of these simulations unless the number of supernovae is less than five. [Ca/Fe] < −0.2 is exceedingly rare even for a single supernova explosion. More top-heavy IMFs, which may be appropriate for dwarf galaxies (Wyse et al. 2002; Kalirai et al. 2013; Geha et al. 2013) , modestly reduce the likelihood of producing extremely Ca-poor material. We conclude that Sculptor may have hosted only 1 − 4 SNe at the time that its most metal-poor known stars were formed.
SUMMARY AND CONCLUSIONS
We have determined chemical abundances for five of the most metal-poor stars in the Sculptor dSph, all at [Fe/H] < −3.2. Two of these stars are new discoveries reported here for the first time, while three others are taken from the literature and re-analyzed. Our slightly revised metallicity for one of the literature stars is below [Fe/H] = −4, classifying it as the first ultra metal-poor star known in a galaxy other than the Milky Way.
The two lowest metallicity stars both have very unusual abundance patterns. The α elements Mg, Ca, and Si are all extremely depleted in Scl 11 1 4296, while Scl 07-50 has low Ca, Si, and Ni, but a more normal level of Mg. The unique abundance patterns of the most metal-poor stars suggests that [Fe/H] −3.7 is the regime in which only a few SNe contributed to the enrichment of Sculptor, implying that the stars studied here are part of just the second generation the galaxy ever formed. These chemical signatures can be reproduced by enrichment from Population III SNe.
The Ca abundances of the two most metal-poor stars rely entirely on the Ca I resonance line at 4226Å, which is the only neutral Ca line detected in our spectra. Because the effects of NLTE on this line are uncertain, we compared the Ca II K, Ca I 4226, and Ca II triplet lines in the Sculptor stars with the ultra metal-poor giant CD−38
• 245, finding that the abundances we derive are qualitatively consistent with the relative line strengths. We then used a set of EMP halo stars with similar metallicity and temperature in which multiple Ca I lines are detected to show that the resonance line produces a Ca abundance that is on average 0.09 dex lower than the abundance determined from other lines. This value is consistent with the latest NLTE calculations.
Although the three more metal-rich stars individually appear quite similar to Milky Way halo stars in the same metallicity range, when taken together with other Sculptor EMP stars we show that the star-to-star scatter in the abundance of several elements is substantially higher than in the halo. We infer that the early chemical evolution of Sculptor was heavily influenced by inhomogeneous mixing and stochastic effects from small numbers of SNe. Note. -Only a portion of the table is shown in the arXiv version of the paper. Please contact the first author or refer to the published version for the full table. 
